AbSTrACT
Objective low adenoma detection rates (aDr) are linked to increased postcolonoscopy colorectal cancer rates and reduced cancer survival. Devices to enhance mucosal visualisation such as endocuff Vision (eV) may improve aDr. this multicentre randomised controlled trial compared aDr between eV-assisted colonoscopy (eac) and standard colonoscopy (Sc). Design Patients referred because of symptoms, surveillance or following a positive faecal occult blood test (FOBt) as part of the Bowel cancer Screening Programme were recruited from seven hospitals. aDr, mean adenomas per procedure, size and location of adenomas, sessile serrated polyps, eV removal rate, caecal intubation rate, procedural time, patient experience, effect of eV on workload and adverse events were measured. results 1772 patients (57% male, mean age 62 years) were recruited over 16 months with 45% recruited through screening. eac increased aDr globally from 36.2% to 40.9% (P=0.02). the increase was driven by a 10.8% increase in FOBt-positive screening patients (50.9% Sc vs 61.7% eac, P<0.001). eV patients had higher detection of mean adenomas per procedure, sessile serrated polyps, left-sided, diminutive, small adenomas and cancers (cancer 4.1% vs 2.3%, P=0.02). eV removal rate was 4.1%. Median intubation was a minute quicker with eac (P=0.001), with no difference in caecal intubation rate or withdrawal time. eac was well tolerated but caused a minor increase in discomfort on anal intubation in patients undergoing colonoscopy with no or minimal sedation. there were no significant eV adverse events. Conclusion eV significantly improved aDr in bowel cancer screening patients and should be used to improve colonoscopic detection. Trial registration number nct 02552017, results; iSrctn 11821044, results.
InTrODuCTIOn
Adenoma detection rate (ADR) is the most important marker of colonoscopy quality. 1 2 Low ADR correlates with higher postcolonoscopy colorectal cancer (PCCRC) rates and poorer outcomes. [3] [4] [5] [6] [7] Measures to improve ADR such as optimising bowel preparation, slower withdrawal time, use of antispasmodics, improved training, position change and new technologies to improve mucosal visualisation have been developed. [8] [9] [10] [11] [12] [13] Lesions located on the proximal side of colonic folds present a particular problem and established manoeuvres such as retroflexion may not be possible in much of the colon. 12 13 Devices that attach to the tip of the scope have been created to flatten folds but have not been demonstrated to consistently improve ADR. 14 Endocuff Vision (EV) (figure 1) is a polypropylene device mounted onto the distal tip of a colonoscope. It consists of a fixed portion and a row of eight soft projections, which fold backwards during insertion but are pulled forwards during withdrawal to hold back colonic folds. EV is a second-generation device replacing the original Endocuff which had two rows of shorter, firmer projections. The original Endocuff (figure 2) demonstrated an improvement in ADR in some studies but this was not replicated in a large randomised controlled trial (RCT). 15 16 The original Endocuff was reported to cause mucosal abrasions, therefore to minimise this and to further improve detection characteristics the EV was created.
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METHODS
Study design
Patients were recruited at seven hospitals (one academic and six community) in England between November 2014 and February 2016. Colonoscopists who perform colonoscopy on positive faecal occult blood (FOBt) patients as part of the English Bowel Cancer Screening Programme (BCSP) undergo additional accreditation and may not reflect typical colonoscopy practice. 1 Therefore, each site was limited to four BCSP colonoscopists. A maximum of 10 colonoscopists per site were allowed to participate in the trial. A learning curve for EV has been reported 18 ; therefore, all colonoscopists were required to perform a minimum of 20 cases with EV prior to study commencement and were trained by means of a presentation and video. Usual colonoscopy equipment as available in each site was used with no restrictions placed on type of equipment used. Left colon was defined as transverse colon, splenic flexure, descending colon, sigmoid and rectum. Right colon was defined as caecum, ascending colon and hepatic flexure. The study protocol has been published. 19 The ADENOMA trial has been registered with clinicaltrials. gov NCT 02552017, International Standard Randomised Controlled Trials Number ISRCTN 11821044 and UK Clinical Research Network 17 718.
Participants
Patients older than 18 years and referred for colonoscopy for clinical symptoms, as part of a postpolypectomy surveillance programme or with positive FOBt as part of BCSP, were invited. 1 Patients were excluded if there was a pre-endoscopy suspicion of large bowel obstruction; known colon cancer or polyposis syndromes; known colonic stricture; known severe diverticular segment; known active colitis; on anticoagulants which had not been stopped preprocedure (meaning polypectomy might not be undertaken); if pregnant or attending for a therapeutic procedure or assessment of a known lesion. Some invited patients were not able to be recruited for logistical reasons such as unavailability of a research nurse or last-minute procedure cancellation.
Removal of EV during colonoscopy was indicated where: acute angulation in a fixed sigmoid colon rendered scope insertion more difficult; a new diagnosis of polyposis syndrome or active colitis was made; or a new stricture that might impede insertion was identified.
randomisation and masking
Stratified randomisation based on age, gender, hospital site and BCSP status was performed using a dynamic adaptive algorithm created by the North Wales Organisation for Randomised Trials in Health Clinical Trials Unit. 20 Randomisation was via a computerised internet-based platform. Patients, colonoscopists and research nurses were not blinded to randomisation arm, but all study analyses were conducted in a blinded fashion.
Outcomes
The primary aim was to ascertain if there was a difference in ADR between EV-assisted colonoscopy (EAC) and standard colonoscopy (SC).
The secondary aims were: 1. To ascertain if there was a difference in Mean number of Adenomas per Procedure (MAP) between EAC and SC. by each colonoscopist with the last 20% of patients in each arm to identify any changes in ADR throughout the trial. 11. To compare the baseline ADR of each colonoscopist before trial recruitment with that colonoscopist's ADR during the trial in SC cases. Baseline was calculated over a period of 6 months pretrial. Patients were followed up for 21 days and any adverse events (AE) and serious adverse events (SAE) were reported to the Data Monitoring Committee. The chair of the Data Monitoring Committee and two independent clinicians reviewed each case to determine if events were related to the trial. Patient comfort was assessed by a validated nurse assessment questionnaire and two patient questionnaires.
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Statistical analysis
The study was powered to demonstrate a difference in ADR between EAC and SC. In calculating the sample size, different ADRs were used for BCSP (FOBt positive) and non-BCSP patients. In BCSP, ADR is 45% and in non-BCSP it is 16%. 1 22 A 10% increase in BCSP and 5% increase in non-BCSP were considered clinically significant. The ratio of BCSP to non-BCSP participants was projected to be 20:80. ADR for all patients combined was predicted to be 21.8% and a 6% increase was deemed clinically significant. To demonstrate a 6% increase with a 5% significance level and 90% power using a one-sided test, 886 patients per group were required. While patients were randomised to EAC or SC based on BCSP or non-BCSP status, restrictions to ensure that recruitment was in the 20:80 ratio were not mandated.
A one-sided Χ 2 test was used to compare the primary outcome between groups. Additionally, as a sensitivity analysis, logistic regression was used to re-examine group differences adjusting for stratification factors included in the randomisation process. MAP was a secondary outcome and was analysed using the Mann-Whitney U test due to the positively skewed distribution. Χ 2 test and Mann-Whitney U test were used to analyse secondary outcomes where the objective was to examine the superiority of EAC. Other secondary outcomes were examined on a non-inferiority basis. For continuous outcomes, one-sided 97.5% CI for the mean difference between groups was calculated. For binary outcomes, a one-sided 97.5% CI for the difference in proportions was calculated. Non-inferiority was assumed when the bound of the CI did not cross the prespecified point of non-inferiority. All superiority analyses were performed on an intention-to-treat (ITT) basis. Per-protocol analyses were used for outcomes analysed on a non-inferiority basis and as a sensitivity analyses for the primary outcome.
rESulTS
A total of 3928 patients were invited to participate in the trial; 2156 patients were excluded as they were ineligible (42%), declined participation (35%) or could not be recruited for logistical reasons (23%) (table 1). Patient characteristics of recruited and excluded patients were comparable.
A total of 1772 patients were recruited, and the trial flow chart is illustrated in figure 3 . Forty-eight colonoscopists participated in the trial, of which 17 were BCSP colonoscopists. No patients were lost to follow-up. Fifty-seven per cent patients were male with mean age 62 years. Patient characteristics were comparable in both groups (table 2). Bowel preparation was of an equivalent standard in both groups.
ADR was significantly higher with EAC (40.9% vs 36.2%, P=0.02) when analysed on ITT (table 3) . The odds of adenoma detection were 22% higher with EAC. This was consistent when analysed per protocol. Model-based sensitivity analysis demonstrated a significant benefit of EAC in increasing ADR when adjusted by site, colonoscopist, indication for procedure and age. ADR improvement was driven by an increase in the BCSP subgroup with a 10.8% increase (61.7% with EAC vs 50.9% with SC, P<0.001) (table 4). There was a global rise in MAP for EAC (0.95 vs 0.75, P=0.02) that was driven by the BCSP subgroup (EAC 1.59 vs SC 1.20, P=0.004) (table 5).
Polyp detection was higher with EAC (54.1% vs 48%, P=0.005), again with the difference driven by BCSP. Left colon adenomas were significantly higher with EAC (26.1% vs 22.2%, P=0.03). Significant differences were demonstrated for patients with small (6-9 mm) and diminutive (≤5 mm) adenomas in favour of EAC. Again, the BCSP subgroup showed a significant difference between EAC and SC, while the non-BCSP subgroup did not. There were no differences for large adenomas (10+ mm), nor for the detection of right-sided adenomas. SSP detection rate was higher in the EAC arm (2.3% vs 1.1%, P=0.03). In contrast to the other outcomes, SSP detection was significantly increased with EAC only in the non-BCSP subgroup.
A total of 56 colorectal cancers (CRC) were detected with 36 patients in the EAC arm and 20 patients in the SC arm (4.1% vs 2.3%, P=0.02) (table 6). The increase in CRC detection with EAC was in the BCSP subgroup (6.6% vs 3.7%, P=0.03). There was no significant difference in the non-BCSP subgroup. When cancers were further subdivided into those diagnosed based on endoscopic appearances (recorded as a cancer endoscopically and confirmed histologically) and polyp cancers (recorded as a polyp but later found to contain cancer at histological assessment), EAC increased the detection of endoscopically found cancers globally, but polyp cancers only in the BCSP subgroup. Characteristics of cancers were comparable in the two groups with the the most common site being the sigmoid colon (17 patients). EV cuff removal rate was 4.1%. The most common reason for removal was angulation in a fixed sigmoid colon (52.8% of removals). Other reasons included new cancer diagnosis (19.4%), identification of colonic strictures (16.7%) and a new diagnosis of active colitis (2.8%). The rate of EV removal was similar in both subgroups (BCSP 3.8% vs non-BCSP 4.3%).
Caecal intubation rate was equivalent in both arms (table 7) . Median insertion time to caecum was 8 min with EAC and 9 min with SC (P=0.001). There was no difference in withdrawal times for procedures without polyps. When asked specifically about discomfort on anal intubation, 8.6% patients found this more uncomfortable with EAC; however, for all other measures of comfort EAC was non-inferior to SC.
The use of hyoscine-n-butylbromide to relax the colon was more common with EAC (627 vs 568, P=0.002). This difference was greater in the non-BCSP subgroup. There were no differences between groups in the use of carbon dioxide versus air insufflation, use of position change or rectal retroflexion (table 8) . EAC met the criteria for all non-inferiority measures for the use of sedation and analgesia (table 9) .
The BSG surveillance guidelines were used to determine whether patients with adenomas were low (requiring no surveillance or colonoscopy in 5 years), intermediate (colonoscopy in 3 years) or high (colonoscopy in 1 year) risk. 23 In the EAC arm, 15.5% were intermediate or high risk requiring surveillance compared with 13% (P=0.03) in the SC arm (table 10). There were no differences in individual colonoscopists' ADR between the first 20% and last 20% of procedures. In addition, when comparing pretrial ADR of all colonoscopists with trial ADR in the SC arm to help assess for the Hawthorn effect, there was only an increase in ADR for one out of the 48 colonoscopists with their ADR increasing by 23.3% (P<0.01). There was no difference in experience of colonoscopists between the two arms of the study. Olympus colonoscopes were used in 1760/1772 cases and there was no difference in type of scope found between both study arms.
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There were 23 AEs of which 11 were in the EAC arm. AEs were reported to the Data Monitoring Committee and analysed by two independent clinicians. No AEs were judged to be related to use of EV.
DISCuSSIOn
This multicentre RCT demonstrated that EV significantly improved ADR, MAP and cancer detection, driven by improvement in bowel cancer screening patients. ADR is widely accepted as the most important contemporaneous marker of colonoscopy quality with low ADR strongly linked to higher PCCRC rates. These results are highly significant with major potential clinical impact. 3 24 In a Polish study, colonoscopists with an ADR of <20% had an HR for PCCRC 10 times higher than colonoscopists with an ADR of >20% (ADR ≥20%, absolute risk 0.011% vs ADR <20% absolute risk 0.115%). 3 An American study found an inverse relationship between ADR and risk of PCCRC, advanced-stage PCCRC and fatal PCCRC. 4 A 1% increase in ADR was associated with a 3% reduction in PCCRC and a 5% reduction in fatal PCCRC. 4 If results of the current trial mirrored this study, EV could reduce the risk of PCCRC by 14% and fatal PCCRC by 24%.
The increase in ADR, MAP and cancer in the EAC arm was driven by BCSP patients. These patients were FOBt positive and consequently had high rates of neoplastic pathology. These results suggest that EV improves visualisation and ADR in a population where neoplastic pathology is more common. ADR also relies on colonoscopists being observant, understanding pathology and rigorous in removing lesions. BCSP colonoscopists are accredited to a minimum standard in these areas and it may be that EV works most effectively when used by colonoscopists with these skills. ADR in both subgroups was higher than predicted but mirrors recent improvements in English data. These higher rates might also represent improved performance in a trial setting; however, most colonoscopists did not significantly improve their ADR above pretrial levels in the SC arm making this explanation unlikely. While this trial stratified for the BCSP subgroup in both arms, it did not mandate the proportion of overall patients recruited as BCSP and non-BCSP meaning that recruitment differed from the anticipated 20/80 ratio. Over-recruitment of BCSP patients most likely occurred because of the optimal research environment found in BCSP, with research motivated clinicians and nurses, leading to high levels of recruitment in this setting.
Increased detection of adenomas with EV was in the left colon where colonic folds are most prominent. EV assists detection by holding back and everting colonic folds and allowing them to slowly revert to their anatomical position, thereby improving mucosal visualisation. Improved detection was not mirrored in the right colon where the colon is generally straighter with less folds. Right-sided cancers and the failure of screening programmes to protect against them are becoming an increasing problem and it is unlikely EV would address this issue. As might be expected, EV improved detection of small and diminutive polyps but not larger polyps; however, somewhat surprisingly cancer detection was improved. While this was not expected, previous studies have demonstrated that while the greatest miss rates are for small lesions, miss rates for large lesions are still significant. 25 In addition to the holding back of mucosal folds, the EV also stabilises colonoscope position and can help prevent slippage back of the scope avoiding rapid slide by of areas of mucosa. This stabilisation could provide an explanation for improved cancer detection; however, one would expect cancer detection to mirror detection of large polyps. Therefore, although the increase in cancer detection was significant and should not be ignored (with the authors unable to find another explanation for this finding), the disparity between cancer and large polyp detection warrants cautious interpretation of the increased cancer detection. EV did increased the detection of SSPs; however, this was a small change and the overall detection rate of SSPs was low. Therefore, the clinical significance of this finding should not be overinterpreted.
The benefits of improving ADR on reducing PCCRC rates have been demonstrated in populations directly screened by colonoscopy. However, it is not possible to fully quantify the effect of a 10.8% rise in ADR in FOBt-positive BCSP patients as no data exist on long-term outcomes in this population. In addition, the ceiling at which further improvement in ADR confers no additional patient benefit has not been established. Nevertheless, an increase of 10.8% in ADR in a screening population is likely to be highly significant. ADR is the most widely used quality marker but the importance of MAP is growing as high-quality colonoscopy should find all adenomas in a patient, whereas where ADR is used a single adenoma positively affects this key performance indicator. 16 Parallel improvement in both ADR and MAP in this study add to its weight and suggest genuine clinical benefit associated with EV use. Withdrawal times were equivalent in both groups. The improved detection without prolongation of the procedure may reflect improved efficiency with EV conferred by stabilisation of the colonoscope tip and less need for backward and forward manoeuvring of the tip to see around folds. Insertion times were quicker with EV and this may be due to the ability of EV to stabilise the scope tip during scope straightening manoeuvres.
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Earlier trials of the original Endocuff reported improvements in ADR of up to 14.7%, 26 27 but results were not replicated in a large Dutch trial. 16 Studies of the original Endocuff were also limited by the reporting of high rates of mucosal abrasions. EV differs from the original Endocuff in having only one row of projections that are softer and 2 mm longer. The single ring of softer projections appears to be more manoeuvrable and do not cause the same abrasions. Abrasions were not observed in this study. The results of the current trial are similar to those of pilot studies, which showed a 16% improvement in ADR in a screening setting. 28 In contrast, a single-centre trial of EV has recently reported no improvement in ADR. 29 This was, however, a smaller trial with numbers that may have been insufficient to demonstrate the results shown in the current trial. Additionally, this trial reported an extremely high ADR in the control arm and increasing that ADR with EV would have been very difficult.
Devices attached to colonoscopes should not hinder the procedure, increase discomfort or cause AEs. In addition, it is important that devices should not need to be removed often. EV did not hinder colonic intubation and intubation time was quicker when EV was used-an EV cuff removal rate of 4.1% is an acceptably low level. Colonic spasm may hinder insertion during any colonoscopy and this may be more of an issue when EV is used. Use of hyoscine-n-butylbromide was higher in the EAC arm and it is likely that colonoscopists were more likely to use antispasmodics to aid insertion. Hyoscine-n-butylbromide is used widely in BCSP as standard practice and this is likely to explain the lack of increase in use in this group.
EAC was non-inferior in almost all measures of patient experience with patients reporting no difference in experience overall when EV was used. When asked specifically regarding anal insertion, EAC was reported to be slightly more uncomfortable. Where colonoscopy is undertaken under deep sedation, this is not likely to be an issue but where light or no sedation is used, adequate cuff lubrication and gentle insertion technique should be optimised to minimise any anal discomfort. EV was safe and did not cause any AEs in this trial.
Many studies purporting to demonstrate benefits of new technologies are conducted in expert (often single) centres. This study was undertaken in a mixture of academic and community settings meaning that results are generalisable to standard clinical practice. Other studies have reported adenoma miss rate or other markers of quality; however, ADR is the most widely used marker and has been shown to correlate strongly with PCCRC rates and therefore was chosen as the primary outcome measure. One limitation of this study is that despite being an RCT it could not be performed with operator blinding as the cuff is visible on insertion, the projections can be clearly seen holding back folds and indeed EV can only be used correctly if the endoscopists knows it is there. Tandem studies have previously been used to compare devices in colonoscopy to identify missed lesions. However, an RCT comparing ADR in two equivalent arms allowing for confounders is the optimal way to study this intervention. As this study compared ADR in both arms and both arms involved a single colonoscopy, missed adenomas are unlikely to have a significant impact on results. Other measures known to improve ADR were comparable in the two groups.
EV provides a method of improving ADR that is simple, safe, well tolerated and at relatively low cost. EV improves detection of left-sided adenomas and has potential to benefit flexible sigmoidoscopy screening programme as well as those that focus on colonoscopy.
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COnCluSIOn
The ADENOMA study demonstrated that EV significantly improved ADR, MAP and cancer detection, most clearly noticeable in FOBt-positive screening patients. EV facilitated quicker colonic intubation and was non-inferior in all aspects of patient comfort other than causing minimal discomfort on anal intubation. EV should be recommended for use in patients with high risk of having adenomas such as those undergoing colonoscopy following a positive FOBt.
